The history of linkage studies in bipolar affective disorder is a convoluted affair punctuated by upswings and setbacks, hope and skepticism. Advances in genomics and statistical techniques, and the availability of well-characterized clinical samples, have bolstered the search for disease genes, leading to a new crop of findings. Indeed, recent reports of putative loci on chromosomes 18, 21, X, 4, 6, 13 and 15 have rekindled a sense of optimism. The new findings are reviewed and scrutinized, with implications for future research.
Linkage studies of bipolar affective disorder (manic nostic procedures and in statistical techniques applicable to complex traits. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The availability of dense depression) have charted an unsteady course marred by fits and starts. 1 Findings that appeared at first unasgenomic maps and suitable clinical samples is an added asset. Indeed, the emergence of promising new sailable could not be replicated or faltered on further scrutiny of the evidence. The highs and lows of this findings in the last 2 years may signal the turning of the tide, though the problems posed for geneticists are decades-long search were aptly dubbed 'a manic depressive history': 2 bouts of optimism alternating far from over. In this article I review and critique the new findings, with an eye to future research. with dashed expectations. This predicament is not unique: in the wake of conflicting results and reversals of earlier findings, schizophrenia was nicknamed 'a New findings graveyard for molecular geneticists'. 3 Other complex disorders, which bear likeness to psychiatric disorders Several chromosomal regions have recently been implicated in bipolar disorder: 18p 16, 17 ; 18q [16] [17] [18] ; 21q 19- by way of genetic and phenotypic uncertainties, were similarly afflicted: some of the initial linkage findings 21 ; Xq
22
; 4p 23 ; and 6p, 13q and 15q. 24 Altogether, eight putative loci are invoked in the latest spate of linkin diabetes mellitus, Alzheimer's disease, and breast cancer were not compelling or readily interpretable, age reports. although subsequent studies firmed up the evidence.
For the most part, the ill-fated findings in bipolar dis-
Chromosome 18
Berrettini et al 16 reported evidence of linkage to the order predate the molecular genetics era. This may be partly attributable to the low information content of pericentromeric region of chromosome 18. They conducted a genomic scan in 22 North-American extended classical markers and the dearth of polymorphisms that can serve to verify linkage assignments. But a host of pedigrees comprised of 365 individuals. Affected sibpair (ASP) analysis of 11 markers suggested linkage to other factors must be considered including the complex inheritance of the disorder, leading to diminished the D18S21 locus (P = 0.0007); the affected-pedigreemember (APM) method also suggested linkage with power and difficulties in discerning true from falsepositive findings; the involved procedures for data colmultilocus analysis of five pericentromeric markers (P Ͻ 0.0001 and P = 0.0007, depending on the weightlection and processing, causing variability among studies and proneness to error; selection bias; statistical ing function of allele frequencies). Lod score analysis did not yield statistically significant evidence of linkartifacts, and misinterpretation of data.
1,2,4-14 The growing awareness of potential pitfalls has led to age, though modest lod scores were observed in some pedigrees. The strongest results were obtained with a methodological advances in ascertainment and diagdisease phenotype comprised of bipolar I and II, schizoaffective, and recurrent major depression.
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In an attempt to replicate the Berrettini et al finding,
University College of Physicians and Surgeons, and Department ally, excess sharing of paternally, but not maternally, evidence for linkage with either parametric or nonparametric (APM and ASP) methods, though suggestive evitransmitted alleles was observed for three markers on 18q, especially at D18S41 (P = 0.0004). The evidence dence was obtained for some loci. Subdividing the pedigrees according to maternal versus non-maternal for linkage to loci on both 18p and 18q was strongest in the paternal pedigrees (those in which the illness transmission (the approach used by Stine et al 17 and Gershon et al 25 to produce the strongest evidence for appeared to be transmitted from the father's side of the pedigree), in particular at D18S41 (P = 0.00002 using linkage) did not alter the pattern of results. ASP analysis, and a lod score of 3.51 at = 0.0). The positive results were particularly pronounced using an was robust to marker allele frequencies, phenocopy rates, age-dependent penetrance, and changes in affecto 18p-centromere markers was observed in 'mixed' paternal-maternal pedigrees, but not the maternal pedition status (sensitivity analysis). Fourteen other markers in 21q22.3 were examined in this family with larggrees, especially at D18S32 (P Ͻ 0.00001), D18S56 (P = 0.00009) and D18S21 (P = 0.0007). 26 studanalysis was also suggestive of linkage with D21S171 (P = 0.001). The largest lod scores and highest statistiied six pericentromeric markers in five extended German families. Linkage was excluded using both lod cal significance were observed using a narrowly defined phenotype consisting of bipolar I and II. score and APM methods. Pauls et al 27 examined four pericentromeric markers in three large Old Order Another set of results supportive of linkage to 21q was reported by Detera-Wadleigh et al 21 who analyzed Amish kindreds obtained from a homogeneous sample. They excluded linkage to this region using both lod 22 extended North-American pedigrees consisting of 365 individuals. Using 18 markers on 21q, single-locus score and ASP analyses. Debruyn et al 28 examined 14 markers spanning the 18p11-18q23 region in two large ASP analysis detected a high proportion of alleles shared identical by descent at nine loci (P = 0.049-Belgian families. Using lod score analysis, there was no significant evidence for linkage; modest lod scores 0.0008). Multilocus analyses revealed locus trios with excess allele sharing in: 1) the distal region between were observed for some markers in one family. Similarly, ASP analyses did not yield statistically signifi-D21S270 and D21S171 (P Ͻ 0.01); and 2) a more proximal interval spanned by D21S1436 and D21S65 cant results save one locus: D18S51 (P = 0.0007), but absent multilocus analysis the significance of this (P = 0.03-0.0003). There was, in addition, a cluster of markers with positive, though not statistically signifiresult cannot be evaluated. Coon et al 29 ever, ASP analysis weighted by a number of meioses gave marginally significant results: maximum Potherwise specified, and schizoaffective-manic).
Because no obligatory recombination events were values = 0.029, 0.0057, and 0.015 for the three markers, respectively. Using lod score analysis, none of the marobserved between the disease and the HPRT locus in Xq26, the coding region of the gene was sequenced in kers reached a lod score of 3, though positive lod scores (range: 0.86-2.47) were observed for some of the modone affected female and in one unaffected male, with no nucleotide variation when the sequences were comels tested. There was no evidence of linkage disequilibrium or specific haplotypes with these markers, nor pared with the published CDNA sequence.
Additionally, the investigators reanalyzed prewas there significant evidence for allele sharing identical-by-descent (IBD) among all possible sib-pairs. The viously published data on Xq26-27 markers in bipolar pedigrees, 32-37 using uniform diagnostic criteria and results overall were stronger for bipolar I disorder than for more broadly defined diagnostic categories. inheritance models, and found suggestive evidence for linkage in the combined analysis: the maximum polylocus lod scores for markers DXS51, F9a, and F9b were Critique 2.78, 1.51, and 1.77, respectively. They concluded that the combined data support linkage to the Xq26 interThe studies reviewed in the preceding section are more advanced than earlier attempts by way of diagnostic val, and that the evidence for linkage diminishes in regions distal to F9. and statistical methods, and the availability of densely mapped highly polymorphic DNA markers. In particular, the use of rigorous standards for data collection Chromosome 4 Blackwood et al 23 studied a large multigeneration and clinical assessment; statistical simulations to determine power and to proffer a meaningful interpretScottish pedigree comprised of 120 individuals. They performed a genome-wide search with markers spaced ation of results; parametric and nonparametric methods to address the complex mode of inheritance; at about 40 cM intervals. A positive lod score at D4S230 was followed up by typing an additional 17 the analysis of multiple markers in chromosomal regions of interest to verify linkage assignments; conmarkers mapping to chromosome 4p16. Eleven markers gave positive lod scores, with the highest lod score servative definitions of the clinical phenotype to curtail phenotypic misclassifications, and reporting of at D4S394: 4.09 at = 0.0. The positive lod scores were robust to changes in allele frequencies and affection results in the broader context of a genome screen, thus allowing a distinction between background noise and status (sensitivity analysis). The nonparametric extended relative pair analysis showed an increase in findings worth pursuing. Also of note is the apparent genetic homogeneity in two of the populations, 18, 24 allele sharing, but the P-values fell short of suggestive linkage. Three-point analyses with adjacent markers augmenting the prospects of linkage disequilibrium and positional cloning in the event of genuine linkage. gave a maximum lod score of 4.8 in the region D4S431-D4S403. In all analyses lod scores were greater when On the other hand, uncertainties abound in several areas: statistical significance; robustness of results; the phenotype was defined narrowly (bipolar I and II). Haplotypes involving the seven markers in that region transmission patterns; genetic distances; and replication. were consistent with a haplotype in the founder being 19 for their large pedigree (Z max = 3.41) was consistent significant linkage (statistical evidence expected to occur 5% of the time in a genome scan) and suggestive with significant linkage; the lod score for the entire series (Z max = 2.8) was suggestive of linkage. The single linkage (statistical evidence that would be expected to occur one time at random in a genome scan). In the locus APM results showed significant linkage (P Ͻ 10
) with PFKL using two weighting functions for case of lod score analysis, the two categories would correspond to lod scores of 3.3 and 1.9, respectively; allele frequencies, and suggestive linkage with a third function. The multilocus APM results showed suggesin the case of sib-pair studies, the corresponding pointwise significance levels would be P = 0.000022 and tive or significant linkage with two of the weighting functions. The extended sib-pair was not supportive of 0.00074. For studies involving a mixture of relative types, as in APM analysis, a range can be used:
linkage, but incomplete genotypic information on parents complicates the interpretation of this result. 25 according to parent-of-origin effect, the ASP results reached statistical significance at D18S32 and were suggestive Chromosome 4 The lod scores for the large pedigree in the Blackwood et al 23 study (two-point Z max = 4.09; of linkage at D18S56 and D18S21 in non-maternal (but not maternal pedigrees); however, as with the Berretmultipoint Z max = 4.8) were consistent with significant linkage in that pedigree, though the extended relative tini et al 16 study, the authors' use of the SIBPAL program and the absence of multilocus ASP analysis puts pair analysis fell short of suggestive linkage. Heterogeneity testing in the entire series also indicated siglimits on the interpretation of results. In Stine et al's 17 study, the ASP results supported suggestive linkage at nificant linkage (Z max = 4.1), though the result was largely due to a high lod score in the single large pedigree. D18S37 in the sample as a whole and at D18S41 in paternally transmitted alleles; nearby markers showed no such evidence, however. In paternal (but not Chromosome 6, 13 and 15 There was no evidence of significant linkage. D6S7 yielded suggestive lod scores, maternal) pedigrees, D18S41 showed significant linkage, and D18S64 and D18S38, two adjacent markers, and using SIBPAL for ASP analysis, all three markers (D6S7, D13S1 and D15S45) produced locus-specific P showed suggestive linkage. However, the authors did not present multilocus results for any of their ASP values consistent with suggestive linkage, but these values evaporated when the ASP analysis was analyses and, moreover, their use of SIBPAL for ASP analysis constrains the interpretation of the results (see weighted by the number of meioses. Although some of the results conformed to 'signifiabove). Lod scores for the sample as whole were not suggestive of linkage, but the paternal pedigrees procant' linkage, they did not exceed the 'significance' threshold by much. Consequently, a type 1 error (5% duced a significant two-point lod score at D18S41 (Z max = 3.51) and a suggestive score at D18S64 probability) is not discountable. Of course, the results showing only 'suggestive' linkage have a greater prone-(Z max = 2.6); the multipoint lod score in these pedigrees was also suggestive of linkage (Z max = 3.11). inheritance. The use of genetic-epidemiological arguments to pursue potential leads has its merits, but cauPhenotypic misclassification The impact of phenotypic ambiguities on linkage results, as measured by tion is advised for the following reasons: 1) there was no prior statistical support for linkage heterogeneity in sensitivity analysis, 43 can be substantial. Sensitivity analysis varies the affection status of each individual the sample as a whole; 2) dividing nuclear families, the approach taken by Stine et al, 17 according to the in the pedigree and computes the impact of these changes on the lod score. Large pedigrees are partipresence or absence of maternal inheritance, does not convey the complete picture because of absent inforcularly sensitive to changes in diagnostic status when such changes occur in key individuals, but the cumumation on previous generations. Indeed, when extended pedigrees were examined in other lative effect of many such errors in smaller families can also be considerable. 43 All of the recent studies were samples, 25, 30 paternal pedigrees, which constituted nearly 40 percent of the Stine et al 17 series, nearly vanbased on moderate-to-large pedigrees, but only the studies involving chromosome 21 and 4 employed senished in favor of pedigrees with mixed transmission. This poses difficulties for the interpretation of results sitivity analysis, demonstrating the robustness of the original observations. 19, 23 unless strict guidelines and uniform protocols for the extension and classification of pedigrees are adhered to across studies; 3) as suggested, 25 the parent-of-origin Genetic parameters Penetrance, allel frequencies, and phenocopy rates can all impact the outcome of linkage effect may simply be an artifact stemming from differential reporting of illness in maternal versus paternal analysis. To varying degrees, these parameters were examined in all the recent reports, with no substantive branches; differential gene-environment interaction according to the sex of the transmitting parent, or a bias effect on the magnitude of the lod score. However, in many of the pedigrees, the genotypic information was resulting from the small sample size. Indeed, Kato et al 47 did not find a parent-of-origin effect in a series of incomplete due to untyped individuals, especially in the early generations (for example, deceased or otherfamilies 10 times as large as either the Berrettini et al 16 or the Stine et al 17 samples. Also, as noted earlier, wise unavailable individuals). The presence of untyped individuals, even when some of the missing classifying pedigrees according to maternal versus nonmaternal transmission did not produce statistically siginformation can be deduced from relatives' genotypes, can bias the lod score results. Also, the APM method nificant linkage in a sample much larger than either of the studies claiming linkage for this chromosomal used in two of the studies 16,19 is sensitive to misspecification of marker allele frequencies. Estimating these region. 30 frequencies from the data, the approach taken in these studies is a potential countermeasure, but the incom-X-chromosome As discussed elsewhere, 48 although male-to-male transmission is an exclusion criterion in plete information on founders' genotypes can still undermine the accuracy of the results. studies of X-linkage, and offspring of males are generally less informative than those of females, the paucity of male offspring of affected (and unaffected) males Updating of pedigrees Follow-up studies to extend pedigrees and to examine changes in affection status raises the possibility that these subjects were not studied systematically. This could lead to an erroneous over time (especially in unaffected individuals who are still within the risk period) can be crucial to the conclusion of linkage if pedigrees with positive lod scores had unreported instances of male-to-male transinterpretation of linkage results. Previously reported linkages, including one claimed linkage in the popumission. In the pedigree reported by Pekkarinen et al, 22 there was a clear excess of females, diminishing the lation with the putative loci on chromosomes 6,13 and 15 (the Older Order Amish studied by Ginns et al 24 ), ability to detect male-to-male transmission. The alternative explanation is the low reproductive rate of affechave been sharply attenuated following an updating of ted males because of high mortality; however, there Replication In conjunction with guidelines for the interpretation of were several unaffected males well into the reproduction period whose offspring were not reported.
linkage results in complex traits, Lander and Kruglyak 43 set forth criteria for credible replication. In partiAlso, two affected males had sons who, though judged to be unaffected, were far from completing the risk percular, they proposed that the term 'replication study' should be reserved for situations in which significant iod. For these reasons, and as acknowledged by the investigators, 22 16 It thus appears, that the various linkage claims results. 32, 34, 35 However, these earlier studies did not cannot be readily reconciled, raising three possibilities: utilize multiple DNA markers for verification and the there are at least two separate loci on chromosome 18 results were not statistically robust. 50 Also, the analysis predisposing to the disease; there is only one such of the combined data at Xq27 did not produce signifilocus, or, as imputed by Risch and Botstein 2 in their cant results 22 and other studies with DNA markers in critique, given the map inconsistencies and other this region yielded negative findings. 33, 36 uncertainties in the various studies, there are none. The positive results have been public knowledge since 1994 (longer, if one considers presentations at scientific meetings prior to publication). It is possible, X-chromosome The region implicated by Pekkarinen et al 22 at Xq24-27 is 40-55 cM proximal to Xq28, a therefore, that other groups have made replication attempts, obtained negative or equivocal results and region thought to be linked to bipolar disorder in earlier studies using classical markers. As reviewed, 50 opted not to publish, in which case the pattern of reported 'replications' departs from the real-life scenalthough subsequent studies with DNA markers have not confirmed the earlier findings both in independent ario. samples and in a follow-up of one of the original series, 36 the high lod scores obtained in some of the earlier Implications studies remain intriguing and may have to be considered in the overall interpretation of the X-linkage The recent surge in linkage reports may well be the harbinger of a new era in the quest for genes in bipolar data. Specifically, if new findings point once again to Xq28 as a candidate region, a combined analysis of the disorder. The potential replication of some of the findings is particularly noteworthy in view of a long hisentire Xq24-28 region in a large dataset may help determine if there is more than one putative disease tory of failed attempts at confirming other claimed linkages. However, given the aforementioned uncerlocus in this region. tainties and pending further inquiry, it wold be premalarge effect, could still be detected by linkage analysis. Instead, they advocate genomic association studies. ture to view any of the reported linkages as definitive. The involved procedures for data collection, proAlso noteworthy are simulations concerning replication. Suarez et al, 60 simulating an oligogenic model cessing and analysis, coupled with the 'soft' nature of behavioral phenotypes, pose another complication with 50% heritability (a scenario commonly proposed for complex psychiatric traits), estimated that the numwhich may not be readily tractable.
14 For some time to come, researchers will continue to debate the meaningber of families required for first detection of linkage with six quantitative trait loci (QTL) may be well over fulness and credibility of linkage results and the means and prospects for translating a linkage finding into gene 100 with a population prevalence (ϰ) of 10% (and over 50 with ϰ = 1%); the number of families required for discovery. Some of these issues are briefly discussed, with special reference to the results reviewed earlier.
replication would be far larger (over 700 with ϰ = 10%, and about 250 with ϰ = 1%). Whatever approach is The standards advocated earlier in this article, including the guidelines of Lander and Kruglyak 13 for taken, the sample sizes projected by simulations for linkage detection and replication are generally much the interpretation and acceptance of linkage claims, may seem harsh, but in a field with a murky history larger than those used in the positive linkage and replication reports described earlier. This raises two possithey are useful 'gatekeepers' that can help guide scientific priorities and ensure that precious resources are bilities: 1) the simulated models are 'omniscient', namely, they make oversimplified or otherwise not squandered in vain. Nevertheless, hints of linkage that fail to satisfy stringent criteria need not be ignored; unrealistic assumptions and linkage detection and replication will occur more often than predicted; 2) the they should be pursued even though most will prove to be false. Failure to report or pursue a potential truemodels are correct in their predictions and the positive linkage results are either fortuitous or inaccurate. positive may relegate a (true) susceptibility locus to oblivion. This is especially true for genes with small
Whatever the accuracy of a particular simulation, it is generally agreed that large datasets will be needed to effects, where a true-positive cannot be readily distinguished from a false-positive due to complex genetic sort out the variety of gene effects that are likely to be encountered. Sizeable samples are already in existmechanisms leading to low statistical power. A case in point is insulin-dependent diabetes mellitus, a comence, or at various stages of completion, both in single centers and as a result of collaborative networks. plex trait often used as a genetic paradigm for psychiatric disorders: regions that merely gave a hint of linkAnother issue of interest concerns methods of analysis. As discussed by Greenberg et al, 61 the prevailing age in the initial genome screen 51 showed more promise on follow-up and expansion of the data. 52, 53 In trend to gravitate toward nonparametric methods (ASP and APM) in the analysis of complex traits, a trend evia similar vein, failure to replicate does not necessarily refute a hypothesis because of difficulties in detecting dent in some of the aforementioned studies, has its drawbacks, not the least of which is the risk of overinlinkage for complex traits when gene effects are weak or confined to a small fraction of the population. As terpreting a 'positive' finding. Apparent misconceptions concerning the presumed superiority of the nondiscussed, 13 in such circumstances the initial positive results may be due to random fluctuations that help parametric approach over parametric methods (ie, lod score analysis) include: 1) nonparametric methods push weak gene effects above the threshold of 'accepted linkage', while replication studies will often have high statistical power, compared with lod score methods, and are less sensitive to misspecification of miss these effects because of regression to the 'true' value.
the genetic model. In fact, it is well established that a lod score analysis generally has greater power and that A related issue is the power to detect and replicate linkage with a given sample size. There have been it is reasonably robust to model misspecification provided more than one plausible model is tested (eg, numerous attempts to estimate power under various genetic models, including oligogenic transmission that dominant and recessive models); 2) nonparametric methods are 'model-free' and therefore are more suitmay have special relevance to bipolar disorder. For genes of relatively large effect, the required sample size able for psychiatric disorders whose mode of inheritance is uncertain. In fact, nonparametric methods are is generally within reach, provided heterogeneity is not excessive. 45, [54] [55] [56] [57] [58] But genes of lesser effect are more not always truly model-free, and in some instances are statistically 'equivalent' to parametric analysis. Moreproblematic. Risch and Merikangas 59 estimated, based on simulations of multiplicative traits, that the number over, with lod score analysis there is the option of employing several different genetic models (thus of families required to detect genes of modest effect with a linkage approach is prohibitively large. In concovering a range of inheritance patterns) with adequate power and little danger of missing a true linkage. Such trast, the required number of affected sib-pairs is within reach (hundreds), provided the genotypic relaan option (that is, a range of models) is not available for nonparametric analyses; 3) because investigators tive ratio (GRR) is of a large enough magnitude (GRR = 4); for a GRR of 2 or less, however, the sample using lod score analysis tend to use several models, there is a danger of multiple test effects leading to type size is again beyond reach (well over 2000). In the light of these findings, they are not sanguine about the util-I errors. In fact, if the number of models is limited (as is the case in most studies), there is no such risk. Also, ity of linkage analysis for minor gene effects, though some important loci, especially those of a relatively studies involving nonparametric methods often per-form multiple tests, thus running the same risk; 4) indeed, less likely to uncover minor genes than association studies (and, in some instances, sib-pair because the utility of nonparametric methods has been demonstrated in several complex traits, such methods analysis). On the other hand, more biological importance is accorded to genes of relatively large effect. could detect a linkage that a lod score analysis would miss. In fact, there are no systematic studies to support Moreover, pedigrees afford ample opportunities for sibpair analysis and for some types of (intrafamilial) this assertion and such circumstances may be quite rare. The bottom line is that there is no one correct association tests, such as haplotype-relative-risk (HRR) analysis 64 and genomic association studies (using, for strategy and that complementary approaches must be considered, with a cautious interpretation of results.
example, affected sib-pairs and their parents); 59 6) undoubtedly, nuclear families and sib-pairs are relaStudy design is another issue to contend with. Extended multiplex pedigrees, the mainstay of most tively easy to obtain. But the pedigree series reported so far show that when the choice is limited to mediumlinkage studies to date, have lost luster in some quarters in favor of nuclear families, sib-pairs, and associsized pedigrees (as apposed to very large pedigree structures), the task is not daunting. As with analytic ation studies in populations. 62 Arguments in support of this approach include: 1) extended pedigrees incur paradigms, a combined approach encompassing different study designs and sampling schemes holds the more opportunities for introducing 'extraneous' genes by way of assortative mating and bilineal transmission;
broadest range of scenarios that may underlie this disorder. hence, they are more likely to be genetically heterogeneous, leading to reduced power to detect linkage;
A total genome scan, the ultimate goal in linkage mapping, is costly and labor-intensive. Potential short-2) extended pedigrees represent a particular form of a highly familial disease with a 'dominant-like' pattern cuts have been proposed to speed up gene localization. For example, Antonarakis 65 advocated focussing on to the exclusion of alternate, possibly more representative, genetic mechanisms. This may hamper the gen-GC-rich regions known to harbor disease genes. This could speed linkage detection rather dramatically. eralizability of the results; 3) extended pedigrees are best suited for the analysis of genes of a relatively large However, as discussed, 66 where multiple genes are involved (a likely scenario in complex disorders), effect and are less likely to detect minor genes; 4) large pedigrees are hard to come by. To be sure, there are including genes in GC-poor regions, systematic genome scanning may be unavoidable. Other approaches seekcounter arguments that carry some weight: 1) most pedigree studies employ rigorous measures to screen ing to finesse the brute force efforts involved in systematic scanning are genome mismatch scanning (GMS), 67 out bilineal transmission. In addition, because hidden bilineality may still exist, two-trait-locus models repeat expansion detection (RED), 68 and mitochondrial DNA analysis. GMS seeks to isolate all genomic regions allowing for two disease loci within a family can be applied to the data. 63 In fact, these models can provide identical-by-descent in affected relative pairs. It does not require prior map information and the entire gensubstantial linkage information to warrant the inclusion of bilineality in the study design, thus proome can be scanned in a single hybridization step. RED examines expansion of trinucleotide repeats as a cause viding a broader perspective on the complex inheritance of this disorder. 63 There are, in addition, methods of genetic disease, especially in disorders displaying 'anticipation' (a transmission pattern in which disease to analyze linkage and heterogeneity in extended pedigrees subdivided into all component nuclear families, severity increases, or age-at-onset decreases, in successive generations), such as bipolar disorder. 69 There to account and control for intrafamilial heterogeneity.
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One should also note that small families and sib-pairs is preliminary evidence that expanded repeats may, indeed, exist in bipolar disorder, 70 ,71 but more work is are not impervious to heterogeneity: phenocopies may be common due to low illness density; 2) extended needed. Mitochondrial disease mutations can explain the parent-of-origin effects observed in some data on pedigrees contain more genetic information than smaller families and have higher statistical power, bipolar disorder, 72 whereby maternal transmission appears to differ from paternal inheritance. The utility especially when heterogeneity is accounted for; 3) the 'dominant, single-gene' appearance of many extended of these methods for bipolar disorder is far from certain. Specifically, GMS requires further developmental pedigrees should not be taken to imply that other modes of transmission are discounted. Various models, work to be fully applicable to human DNA (it has primarily focussed on the yeast genome). 'Anticipation' and specifically, oligogenic inheritance that involves more than two genes, can be successfully applied to the data; parent-of-origin effects have not been observed consistently and ascertainment bias is a distinct possi-4) large pedigrees obtained from genetic isolates with a small number of founders (as in the studies of Frebility. 47, 73 Another potential shortcut of persistent interest involves chromosomal aberrations and candiimer et al, 18 Pekkarinen et al, 22 and Ginns et al 24 ) may, indeed, be special cases by way of mode of inheritance date genes (genes with known neurobiological function). But the experience to date suggests that this (likely single-gene) and rarity of the mutations involved. But they also enhance the prospect of testing may not be a high-yield approach except, perhaps, in genomic regions displaying putative region. Although for linkage disequilibrium to facilitate the positional cloning of putative genes. Such genes, if discovered, the search for some disease genes may be expedited with these methods, the rapid advances in automation could shed light on the biology of other, more common, disease forms; 5) linkage analysis in pedigrees is, of genotyping procedures, and in software for efficient egy. 
